Abstract Lubricating greases undergo extensive deterioration under the operation conditions and storage. Hydrocarbon chain is one of the major factors resulting in loss of the base fluid quality by formation of products having negative effects on the physicochemical properties in particular the total acid number and dynamic viscosity. Antioxidants are major ingredients that protect the quality of lubricating grease by retarding oxidation reactions. Accordingly, the aim of this paper is a study on the preparation and evaluation of some compounds which act as antioxidants for prepared lithium lubricating grease. These additives are a-(2-amino-3-cyano-6-pyridyl)o-hydroxyl cinnamic hydrazide (compound I), ethoxymethyl enamino derivative (compound II) and 3-amino-5-hydroxyl-4 phenylazo-1H-pyrazole (compound III).
Introduction
Lubricating grease is obtained by dispersion of a thickening agent, usually soap in a liquid lubricant and may also contain additives that upgrade some special properties. Typical grease contains a base oil 75-95%, a thickener 5-20% and additives 0-20% [1] . The thickeners are usually soaps, such as lithium, sodium and calcium salts of long chain fatty acids [2] . The thickener forms an entanglement network, which traps the oil and confers the appropriate rheological and tribological behaviour to the grease [3] . The most common additives found in grease are anti-oxidants [4] to prolong the life of grease, anti-corrosion agents to protect metal against attack from water or corrosive elements, antiwear agent and extreme pressure to guard against excessive wear due to metal contact. Grease acts as a reservoir for lubricant-based fluids and additive molecules [5] . The fatty acid esters constitute a group of useful chemical intermediates in the synthesis of several products such as amides, sulfonates and fatty alcohols [6] . These compounds can be applied as solvents, spreading or softening agents in polymers. They are also used in textile, cosmetic and rubber industries [7] . Recently, long-chain fatty acid alkyl esters have spurred a great deal of interest, in the synthesis of biodiesel [8] .
The addition of an appropriate additive to a lubricant can increase the mechanical efficiency and reduce wear and friction, avoiding surface damage of the rubbing surfaces while increasing the load [9] .
A series of N-containing compounds and their derivatives [10] [11] [12] such as benzotriazole derivatives, 1,3,4-thiadiazole derivatives, thiazole derivatives, oxazoline, thiazoline, and imidazoline derivatives are excellent ashless multifunctional lubricating additives. The inhibition of free radical-mediated oxidation by molecular oxygen is one of the most important reactions in organic substrates, such as rubbers, plastics, lubricating oils and greases because these chemical products undergo oxidative damage when exposed to molecular oxygen. Reducing the rate of such damage by utilizing low concentrations of antioxidants is therefore important. Several hindered phenols and many kinds of aromatic amine derivatives have generally been used to suppress the deterioration of materials [13] [14] [15] . In a previous work [16] , Schiff's base compounds were synthesized: 3-[(p-chlorophenyl)iminomethylenyl]-4-hydroxy-8-methyl-2(1H)-quinolinone and its bromo and iodo analogues. These compounds could be used effectively as antioxidants for lubricating greases. Also, itaconyl-o-tolidine, itaconyl bisaniline-and itaconyl m-phenylene-amide polymer proved the efficiency towards inhibiting the deterioration of the mixed soap grease. The aim of this work is a study on the preparation and evaluation of some compounds which act as antioxidants for prepared lithium lubricating grease. These additives are a-(2-amino-3-cyano-6-pyridyl)-o-hydroxyl cinnamic hydrazide (compound I), ethoxymethyl enamino derivative (compound II) and 3-amino-5-hydroxyl-4-phenylazo-1H-pyrazole (compound III).
Experimental

Raw materials
Heavy base lube oil was supplied by Amerya Petroleum Company. Fatty acid by-product (acidulated soap stock) was provided by Cairo Oil & Soap Co. The physicochemical properties of these materials were carried out using ASTM and IP standard test methods (Table 1) . 12-Hydroxy stearic acid and hydrogenated castor oil were supplied from Misr Petroleum Company (Grease factory-Mix unitAlex).
Synthesis of additives
Esterified compound as a grease improver
In a 500 ml three-necked flask connected with a condenser, 1 mol of a mixture of fatty acid by-product (acidulated soap stock) and 1 mol of Poly ethylene glycol of molecular weight 200 was mixed to give monoester. Xylene was added and the reaction was catalysed with p-toluenesulphonic acid in an amount calculated as weight percent of alcohol (2%). The reaction mixture was refluxed with continuous stirring. The amount of water produced was collected in the dean stark trap and measured periodically. The reaction has been completed when no further water was formed. Heating was stopped and the reaction mixture was allowed to cool to room temperature and was neutralized by the addition of 5% aqueous sodium carbonate solution and then dissolved in petroleum ether (b.p. 40-60°C). The organic layer was separated and the solvent was distilled off.
Synthesis of antioxidants
2.3.1. Synthesis of (2-amino-3-cyano-6-pyridyl)-o-hydroxyl cinnamic hydrazide, compound I Compound I was synthesized through two steps:
(a) Synthesis of 2-amino-3-cyano-6(3-coumaryl)4-phenyl pyridine: A mixture of 3-acetyl comarine-2-one (0.01 mol), malononitrile (0.01 mol), benzaldehyde (0.01 mol) and ammonium acetate (0.015 mol) in acetic acid (25 ml) was refluxed for 3 h, cooled, filtered off, dried and recrystallized from acetic acid to give 2-amino-3-cyano-6(3-coumaryl)4-phenyl pyridine, m.p 264°C with 50% yield.
Elemental analysis of 2-amino-3-cyano-6-(3-cumaryl)-4-phenyl pyridine C 21 H 13 (b) Synthesis of (2-amino-3-cyano-6-pyridyl)-o-hydroxyl cinnamic hydrazide, compound I: 25 mol from 2-amino-3-cyano-6(3-cumaryl)4-phenyl pyridine was mixed with hydrazine hydrate (1.5 ml) in dry benzene (20 ml) and heated under reflux with stirring for 4 h, cooled, filtered off, dried and recrystallized from methanol to give compound I m.p 205°C with 48% yield. 
Grease preparation
The preparation of lubricating grease is a very complicated process. So, many runs and tests were done to reach and adjust the required consistency. In this respect, two grades from lithium lubricating grease (NLGI 2) were prepared without and with esterified compound as G1 and G2, respectively, according to the procedure previously described [17] . Worth mentioning here is that esterified compound was added with concentration 3 wt.% to G2 grease during a cooling step. On the other hand, the prepared azine and azole compounds (compounds I, II and III) were evaluated using 0.1 wt.% of each for the formulated grease G2.
Result and discussion
3.1. Identification and characterization of the raw materials
Fluid lubricants
Lubricating oils constitute the largest proportion of the total raw material required for the compounding of lithium lubricating greases. Selection of the proper lubricating oil is important both from the stand point of lubrication and of the structure and stability of the finished product. So, the mineral base oil must be selected which best serves the purpose for which the lubricating grease is prepared. Also, mineral oils will continue to be the fluids employed in the manufacture of the great bulk of lubricating greases. This is true because of the availability and low cost of these mineral oils. The experimental data in Table 1 show the physicochemical properties of the heavy base oil under investigation and were carried out using ASTM/IP standard method analysis. Accordingly, the heavy base oil can be easily blended, dispersed and is compatible with lithium soap during the saponification step. The gas chromatography (GC) fingerprints for heavy base oil are shown in Fig. 1 from the GC fingerprint, the broad band represents the undissolved compounds mixture, (naphthenes, aromatics and resins) and the peak's contours represent the paraffinic compounds. Accordingly, the fingerprint for the heavy base oil under investigations is confirmed with the physicochemical properties presented in Table 1 . In order to get information concerning the molecular structure of heavy base oil the infrared absorption spectra of it are measured and studied in region 600-4000 cm
À1
. Fig. 2 , shows that the heavy base oil has low intensity bands in region 3431-3436 cm
, indicating low concentration of OH and NH groups. The spectrum also showed strong two bands at 2922 and 2851 cm À1 , resulting from asymmetric and symmetric stretching CH, respectively. The spectrum showed bands at 1459 and 1370 cm À1 which is due to bending CH 2 and CH 3 .
Fatty materials evaluation and its esterification
Inspection of the data of physicochemical properties shown in Table 2 reveals the possibilities for economic development of the oil under investigation and its suitability to produce lubricants improver for use in the preparation of lubricating greases. Chemical compositions of the acidulated soap stock were investigated using the GC model. Analysis was used to determine the fatty acid contents. The obtained data (Table 2) , illustrate a wide variation in their fatty acid composition. The major constituents are oleic and linoleic acids. This indicates the possibility of using these fatty acids in the preparation of esterified compound. In this respect, esterification of fatty acid by-product with poly ethylene glycol molecular (200) at 150°C yielded polyoxyethylene of fatty acid. This compound is considered to be Some azine and azole derivatives as antioxidant additives for lithium lubricating greaseamong the nonionic class of surfactants (oil soluble). The chemical structure of the synthesized compound was confirmed by FTIR. The Infrared spectrum of the ethoxylated fatty acid in Fig. 3 
Antioxidant additives
The reaction of 3-acetyl comarine with malononitrile and benzaldehyde in the presence of ammonium acetate and acetic acid afforded 2-amino-3-cyano-6(3-cumaryl)4-phenyl pyridine as the following reaction: The structure of this compound was elucidated as shown on the bases of elemental analysis and spectral data in Figs. 4 As a point of interest in the investigation, the condensation of compound I with triethyl orthoformate in refluxing afforded the ethoxymethyl enamino derivative compound II. H NMR spectrum of (2-amino-3-cyano-6-pyridyl)-o-hydroxyl cinnamic hydrazide compound I.
The structure of the product (2) Heterocyclic diazonium salts represent an interesting class of reactive substrate and their synthetic potentialities have received recent attention. A part of our programme directed to the synthesis of fused pyrazoles of interest as potential antioxidants for lubricating greases. Reaction of phenylazoetheyl cyano acetate with hydrazine led to the formation of the corresponding 3-amino-5-hydroxyl-4-phenylazo-1H-pyrazole compound III. The structure of compound III was in agreement with both elemental analysis and spectral data. The IR (cm
À1
) revealed peaks at 3408, 3330, 3186 and 1626 cm À1 due to NH 2 , OH, CH aromatic and C‚N groups respectively. 
Effect of esterified compound on the lithium lubricating grease
The essential property of lubricating greases must possess the ability to form a film between surfaces so that metal to metal friction is prevented. This property, as well as different other characteristics, is mainly determined by the type of thickener, improvers and the dispersion medium used. Accordingly, to evaluate the effect of the esterified compound on the properties of the lithium lubricating greases, two grades from greases were prepared as described in the experimental section. First one without esterified compound G1 and second one with esterified compound G2 as presented in Table 3 . It is apparent from the data in this table, the oil separation, penetration, total acid number, dropping point and apparent viscosity for G2 with esterified compound are more efficient than G1. This is attributed to the ability of the esterified compound to fortify the binding force with the soap texture of G2. Also, the polarity of this compound modifies the grease backbone and improves the thermal and mechanical stabilities. This reveals that the important role of the polyoxyethylene chain of the esterified compound leads to the increase in the solubility power (solvency power) of the base oil with thickener. It was concluded that the greases had satisfactory performance in most automotive applications Egyptian Standard code LB and NLGI 2. On the other hand, Fig. 12 shows the variation of the dropping points with the mechanical work at different double strokes from 14,400 to 72,000 strokes as a function of binding between ingredients and degree of the solvency power of heavy oil with thickener. It is obvious that the mechanical and thermal stabilities for prepared greases are in the order G2 > G1. It is apparent from this figure that the greases G2 based on esterified compound is more efficient concerning thermal and mechanical properties than corresponding greases G1. Such efficiency is particularly desirable for lubricating grease used in antifriction bearing. For wheel bearing lubrication it is almost essential. It may be speculated that the chemical nature of the esterified compound as improver, affects all levels of structure formation in grease, and there is a tendency to increase the thickening power of prepared grease with increase in the resistance to mechanical deformation.
Antioxidant properties of azine and azole compounds
The most economic method to achieve the required oxidation stability for lubricating greases is by the proper selection and addition of antioxidants. These are divided into Figure 12 Effect of mechanical working on dropping point for G2.
chain-breaking inhibitors and peroxide decomposers depending on their mode of action. Chain-breaking inhibitors are those, which interfere with the chain propagation reactions. Such materials, azine and azole compounds were prepared as antioxidants. It is well known that, the efficiency of phenols and amide derivatives as antioxidants is increased by the presence of an extended conjugated system to facilitate the delocalization of electrons throughout the system leading to the increase in the efficiency of antioxidant compounds.
In this respect, three compounds from azine and azole compounds (compounds I, II and III) were prepared and evaluated as antioxidants for lubricating grease G2 which proved to be the best compared with G1 as indicated above. The effect of addition of 0.1% by weight of compounds I, II and III on the oxidative deterioration of grease G2 was investigated at varying times ranging from 0 to 96 h. The experimental data presented graphically in Figs. 13 and 14 , give an overview on the efficiency of the antioxidant additives in controlling the oxidation reactions compared with the grease without these antioxidant additives.
This figure shows that the oxidation inhibition efficiency of the three compounds follows the order: compound I > compound II > compound III compared with blank sample. These results of the total acid number are consistent with the aforementioned finding of pressure drop, with respect to the oxidation inhibition efficiency of the grease G2. This could be explained by extensive conjugation through the cinnamic hydrazide derivative (compound I) shares in the stabilization of the free radical, which is created through the oxidation reaction. Also, it may be a reasonable speculation that the introduction of the amino-and phenolic groups in compounds I and II in such configuration and orientation, would lead to the stabilization of the radicals formed compared with compound III. This reflects the role of the substitution and the structural configuration of the Azine and Azole compounds. Figure 14 Effect of deterioration time on pressure drop for lithium lubricating grease with 0.1% concentration of compounds I, II and III as antioxidants compared with blank.
Conclusion
